Portal vein thrombosis (PVT) in cirrhosis is a relatively frequent complication with a 5-year cumulative incidence of 10.7% [1] to 20%. [2] In contrast to non-cirrhotic PVT, which is almost always caused by a thrombophilic factor, cirrhotic PVT is related to a decelerated blood flow through the portal vein and the presence of a thrombophilic factor is an exception. [1, [3] [4] [5] In addition, advanced disease and large varices with a high flow are related to PVT. [1, 2] The varices may further reduce the portal vein flow velocity and cause turbulent flow at the junction with the portal or splenic vein.
The clinical manifestation of cirrhotic PVT is often mild or lacking. In many patients, clinical symptoms are missing and diagnosis of PVT is set up by chance during regular outpatient visits for HCC screening. [1] A study including 79 patients demonstrated that PVT was asymptomatic in 43% of patients, 39% presented with variceal bleeding and only 18% had acute abdominal pain due to intestinal ischemia or infarction. [6] The high incidence of variceal bleeding may not be due to PVT but rather be a coincidental manifestation of the two interrelated phenomena, PVT and varices. As shown in a large, longitudinal French study including 1,243 patients, PVT developed in 118 patients and was associated neither with progression of the liver disease nor with survival. [1] These findings seem to conflict with those of a previous Italian study demonstrating that prevention of PVT by enoxaparin reduced decompensation of the liver disease, and improved survival. [7] However, the effect of enoxaparin on disease progression was much more marked than on prevention of PVT. suggesting a complex action of the drug on coagulation factors, platelets and fibrinogenesis. [1, 7] The mild clinical manifestation of PVT may be explained by the dual blood supply of the liver, where either the hepatic artery or the portal vein provides sufficient oxygen and nutrition to the hepatocytes. In case of reduced portal vein flow, a mechanism termed "the hepatic-arterial buffer response" augments the arterial blood flow to maintain liver perfusion and function. [8] With respect to portal hypertension, PVT may have little effect since it only terminates the gradual increase in portal pressure and decrease in blood flow. Thus, the development of PVT did not correlate with ascitesor variceal bleeding. [1] Extrahepatic PVT may even reduce the sinusoidal pressure and diminish the filtration pressure across the liver capsule. As for non-cirrhotic PVT where ascites is exceptionally rare, patients with cirrhosis may also be capable to drain the possibly higher mesenteric filtrate into the lymphatic system, which is not compromised by the liver disease. [9] The morphology of PVT differs from patient to patient. PVT may appear as partial or complete/occlusive, limited or extended and it may involve the extrahepatic portal system or the intrahepatic portal branches in isolation or in combination ( Figure 1-4) . The great variance of thrombosis may be the result of variable flow patterns in the portal vein, portal tributaries and collaterals. For example, a large collateral flow may prevent thrombus formation in peripheral branches but induce thrombosis of the main stem of the portal vein ( Figure 1 ). On the other hand, a critical portal flow velocity may cause lining thrombosis of the main stem of the portal vein. The narrowing of the vascular bed may then accelerate the blood flow limiting further thrombus formation and maintaining some degree of patency ( Figure 2 ). Intrahepatic PVT may be a result of stagnant or reversed intrahepatic blood flow. It may, however, also be due to thrombus migration from an extrahepatic source thatmay still be detectable or resolved (Figure 2) . The lack of collaterals or their presence may inform about the age of the thrombus (Figure 3, 4) . It can be assumed that detailed information such as given in Figure 1 -4 can only be obtained by direct angiography. Neither computed tomography (CT), nor magnetic resonance imaging (MRI) or duplex sonography is capable to provide the exact information of thrombus extension and grade of occlusion. This may particularly be true for intrahepatic thrombosis and for the determination of thrombus age. 
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The indication of treatment of non-malignant PVT in cirrhosis is still under debate. Interventional treatment can be performed via a transjugular, percutaneous transhepatic or transsplenic access. Studies using a transjugular access to the thrombus together with the implantation of a transjugular intrahepatic portosystemic shunt (TIPS) are summarized in Table 1 . They included variable proportions of patients with partial or complete thrombosis and patients with or without cavernoma. Treatment was effective in 65% to 100% of patients with complete resolution of the thrombus in 33-100%. Treatment success depended on the grade (partial/complete) and the age of the thrombosis. The age of the thrombosis was defined by imaging as acute (no collaterals, visible thrombus), chronic (collaterals) or cavernoma. Most of the patients included had chronic thrombosis. With 2 exceptions, the studies did not specify the exact interval between thrombus formation/diagnosis and treatment. These 2 studies included patients with intervals between the diagnosis of the thrombosis and treatment of a mean of 4.7 (0-66) months [10] and 5.5 (0.5-24) months. [11] In patients with a fibrotic cord of the portal vein or with cavernoma, a transsplenic access together with a TIPS may provide successful recanalization. [12] Several studies investigated the effect of anticoagulation with low molecular weight heparin or Vit K antagonists. As summarized in Table 2 , anticoagulation is less effective Senzolo, 2012 [13] 7, prospective n.d.* n.d.* 67/33/100*** Avola, 2012 [20] 15, retrospective Chronic 15 15/0/0 0/100/100 Salem, 2015 [12] 44 Senzolo, 2012 [13] 35, prospective n.d.* 24/11 27/36/63
Werner, 2013 [31] 28, retrospective n.d.* n.d.* 43/39/82 Naeshiro, 2014 [15] 26, retrospective 40 days (0-1800) n.d.* 62/15/77 Qi, 2015 [19] 430, (16 as compared to TIPS and harbors the danger of thrombus progression with mesenteric infarction in almost 20% and thrombus recurrence after treatment cessationin up to 38% of patients. [13] Again, the exact time interval between the development of the thrombus and the treatment is given only in 2 studies with a median of 9 (0-298) days [14] and 40 (0-1,800) days. [15] Treatment was often delayed by varices, which were ligated ahead. Unfortunately, randomized trials comparing treatment with no treatment are still lacking. Therefore, the benefit of treatment on survival remains unclear. However, on the basis of the available cohort studies on the natural course of PVT, [1, 2, 16] PVT may not impact survival questioning the general indication for treatment, although it is effective. However, in patients in whom the clinical symptoms of portal hypertension dominate the disease, the development of PVT may trigger the decision for TIPS treatment if suitable (bilirubin < 3 mg/dL, hepatic encephalopathy < Grade 1). Second, in candidates for liver transplantation, PVT should be prevented or treated in any case since PVT negatively affects survival after transplantation. [17] [18] [19] This can be achieved by long-term anticoagulation or TIPS implantation. [20, 21] Is timing of the treatment of PVT worth the effort? As discussed above, timing may be impossible, unnecessary, or even useless. It may be impossible because the onset of thrombosis is often obscure due to the mild or lacking clinical manifestation. Timing of treatment would require high frequent clinical visits with possibly only a marginal advantage. It may be unnecessary because both TIPS as well as anticoagulation achieved good results in patients with chronic thrombosis. Finally, timing may be useless, since treatment of PVT may not influence survival. These statements may not be valid for two groups of patients: first, patients with an increased risk of or with existing portal vein thrombosis presenting with severe symptoms of portal hypertension, and second, candidates for liver transplantation. These patients may benefit from early TIPS treatment which prevents and resolves PVT. It should be emphasized that the present knowledge is limited because results of studies are heterogeneous and no randomized studies with no treatment are available.
